Background. Blends with a cereal-legume ratio of 70:30 have been introduced in many communities for use in the preparation of complementary foods with augmented protein quality. These foods should meet World Health Organization estimated energy and nutrient needs from complementary foods.
Introduction
The search for low-cost, nutritious, and easy-to-prepare locally available complementary foods will continue as long as protein-energy malnutrition still prevails in developing countries. Protein-energy malnutrition contributes to more than half of the deaths of children under five years of age throughout the world [1] . In 2004, the mortality rates of children under 5 years and under 1 year of age in sub-Saharan Africa were estimated at 17.1 and 10.2 per 100 live births, respectively [2] . In Cameroon in 2004, the mortality rates in these two age groups were 14.9 and 8.7 per 100 live births, respectively [2] . In addition, the prevalence of moderate underweight, severe underweight, moderate or severe wasting and moderate or severe stunting among children under five years of age in Cameroon was 18%, 4%, 5% and 32%, respectively [3] . Since nonexclusive breastfeeding, early weaning, nutritionally inferior diets, and improper complementary feeding are major contributing factors to the development of protein-energy malnutrition, one proposed approach could be the improvement of the nutritional value of traditional complementary foods. In fact, African traditional complementary foods, which are usually prepared from starchy flours only, have very low energy and nutrient densities [4] .
The concept of cereal-legume complementation has been particularly applied to the development of The authors are affiliated with Université Laval, Faculté des Sciences de l' Agriculture et de l' Alimentation, Département des Sciences des Aliments et de Nutrition, Québec, Canada.
Please direct queries to the corresponding author: Jeanne Ejigui, Université Laval, Faculté des Sciences de l' Agriculture et de l' Alimentation, Département des Sciences des Aliments et de Nutrition, Pavillon Paul-Comtois, Local 1312, Québec G1K 7P4, Canada; e-mail: ejigui@hotmail.com. infant complementary foods with augmented protein quality [5] [6] [7] [8] . Nutritionally, the high protein content of legumes increases the protein content of cereal-based complementary foods and supplements the deficient amino acids. However, to be considered suitable for infants, complementary foods must meet other standards in addition to protein content and quality. Research efforts should therefore be concentrated on the best ways of meeting World Health Organization (WHO) energy and nutrient estimated needs from complementary foods with the recommended 70:30 cereal-legume ratio and should focus on factors affecting energy intake, such as energy density and viscosity of the complementary foods and the frequency of feeding [9] . Higher energy density is proportional to higher energy intake, and low energy intake is inversely proportional to viscosity [10] .
On the other hand, the use of unrefined maize flour, red sorghum, and legumes may be limited due to inherent antinutritional factors such as amylase inhibitors, protease inhibitors, phytates, condensed tannins, and polyphenols, which lower the utilization of starch, protein, and minerals unless they are processed [11] [12] [13] . Phytate also chelates divalent cations, thus reducing their bioavailability.
Traditional processing methods, such as fermentation, germination, and roasting, are simple and inexpensive and have been practiced for many years in developing countries. These methods have often been used separately or in combination for preparation of infant complementary foods [5] [6] [7] [8] and the nutritional profile of these foods has been reported. Traditional processing may produce foods with many positive attributes, such as favorable texture, good organoleptic quality, reduced bulk, enhanced shelf life, partial or complete elimination of antinutritional factors, reduced cooking time, and improved nutritional value [5] .
The objectives of this study were to test complementary foods made from recommended blends with a 70:30 cereal-legume ratio (weight/weight) by comparing their energy density and nutrient content with WHO estimated needs from complementary foods; to evaluate the effect of traditional processing methods and blend formulation on the physicochemical and nutritional characteristics of complementary porridges in terms of pH and viscosity; to compare the nutritive value of peanuts and beans as legume complements; and to determine the traditional processing method with the best potential for improving the nutritional quality of the traditional porridge.
Materials and methods

Materials
Fermented maize flour was obtained by fermentation of yellow maize (Zea mays) following the steps in the traditional procedure described by Ejigui et al. [13] , which consists of steeping whole maize seeds in water and allowing them to ferment for 96 hours, with an extraction rate of approximately 75% to 80%. Small red peanuts (Arachis hypogea) and small red kidney beans (Phaseolus vulgaris) were purchased at a local market at Yaounde, Cameroon. The seeds were germinated, roasted, and dehulled according to the methods described by Ejigui et al. [11] .
Formulation of blends and cooking of the porridges
Blends were formulated as 70% cereal to 30% legume, the recommended ratio [14] for correcting for lysine deficiency in maize. This would, theoretically, be nutritionally equivalent to casein [15] . The control porridge, fermented maize porridge (FMP), was made from maize flour only, whereas the six porridges made from blends of maize and processed peanut paste or maize and processed beans were fermented maize with germinated peanuts (FMGEP), fermented maize with roasted peanuts (FMRP), fermented maize with germinated and roasted peanuts (FMGRP), fermented maize with germinated beans (FMGEB), fermented maize with roasted beans (FMRB), and fermented maize with germinated and roasted beans (FMGRB). The ratio of blend to cooking water (w/v) was chosen so that the porridge viscosity would not exceed 3,000 cp, which is the highest reference value [14] ; this ratio was 11.5:100 for blends of fermented maize flour and processed peanuts and 9.5:100 for blends of fermented maize flour and processed beans. The blends were cooked into porridges by the traditional method used by mothers in Cameroon, adapted for the laboratory, which consists of mixing the blends with cold distilled water and allowing the mixture to hydrate for 3 hours, and then bringing it to a boil and allowing it to cook for 20 minutes. After 15 minutes of cooking, 13.6 g of sugar (SOSUCAM, Cameroon) for each 600 mL of cooking water was added.
Energy and nutrient densities were compared with WHO estimated needs for children aged 6 to 11 months, receiving an average amount of energy from breastmilk and four meals per day. We chose to compare the adequacy of the Fe, Ca, and Zn intakes to the WHO estimated needs for infants fed four meals a day rather than the customary three for several reasons. First, porridges in the present study are made with plant foods, which are not nutrient dense. It would be difficult to meet the WHO estimates from complementary foods without considering frequency of feeding. Second, the objective of this study was to improve the nutritional quality of a traditional porridge while looking at factors affecting energy and nutrient intakes, which includes feeding frequency. And finally, we should encourage mothers to change certain nutritional habits when there is a clear advantage to them and their infants. Mothers in developing countries usually feed their children three times a day, but it is not unrealistic to suggest that they should increase the frequency of feeding.
Laboratory analyses
All experiments were done in triplicate, and analyses were done in triplicate or quadruplicate.
There was no need to perform analytical quality control for macronutrient, moisture, and ash analyses since they were determined by AOAC (Association of Official Analytical Chemists) routine and standard methods. However, analyses were repeated if a difference of more than 10% was observed. Carbohydrate and fiber, amino acid, and chemical score were computed. Complex methods such as in vitro protein digestibility and in vitro mineral availability were both performed by using digestion cells, which has shown good performance, reproducibility, and ease of use. The method has been proved to be accurate and efficient [16] ; therefore, investigations on its precision were not done in the present study, since analyses in the present research were performed in the same laboratory, using the same equipment and protocols.
To determine mineral content, standard curves were used for calibration, and the readings were done twice. A sample with a known concentration was used to verify the precision of the method, and the differences were 2, 7, and 3% for iron, zinc, and calcium, respectively.
Viscosity
Viscosity was measured in freshly cooked sample complementary porridges with a digital Brookfield viscosimeter (model DV-II Brookfield Engineering Laboratories) using spindle RV no. 4 at 50 rpm (40°C). The pH was measured with a Fisher Scientific 925 Accumet pH meter.
Chemical analyses
Prior to chemical analysis, the porridges were freezedried with a Virtis freeze-dryer, milled in a Tecator 1093 cyclotec sample mill to pass through a 1-mm sieve, and stored in a desiccator in a cool room at 4°C until further analysis. Moisture and ash contents were determined by standard AOAC method 925.10 [17] . Nitrogen was determined by AOAC Kjeldahl method 979.09 [17] using a nitrogen autoanalyzer (Foss Electric), and crude protein content was calculated as %N × 6.25. Fat content was determined by AOAC Goldfish method no. 945.16 [17] , and total carbohydrate and fiber was calculated by difference.
The method of Savoie and Gauthier [16] was used to measure in vitro digestibility of proteins; 93.75 mg of protein (15 mg N) was homogenized in 16 mL of 0.1 M HCl in a flat-bottomed glass tube and stirred magnetically for 10 min at 37°C. The pH was adjusted to 1.9 with deionized water, and 1 mL pepsin solution was added. After 30 min, the pH was adjusted to 7.5. The pepsin hydrolyzate was poured into the dialysis tube (Spectra/Por 6, Spectrum Medical Industries) with 1 kDa molecular weight cutoff, which was contained in the digestion cell. Pancreatin digestion was initiated by adding 1 mL of pancreatin solution. The products of digestion were continually collected by the circulation of NaH 2 PO 4 .H 2 O (0.01M, pH 7.5). The dialyzed digests were collected after 2, 4, and 6 hours. Protein digestibility was calculated by the equation: protein digestibility (%) = [nitrogen in the dialyzed digests (mg)/15 mg N] × 100.
Amino acid composition of each dialyzed digest was measured by ion exchange chromatography using a Beckman amino acid analyzer, model 6300. The samples were first hydrolyzed in 2 mL of 6 M HCl under vacuum for 24 hours at 100°C. Norleucine was used as standard. Amino acid release was calculated by the equation: amino acid release (%) = [dialyzed amino acid (mg)/amino acid in the protein sample (mg)] × 100. Essential amino acid scores were calculated by dividing the amino acid contents by the values in the reference protein [18] . The chemical score of the complementary porridges corresponded to the lowest value of these essential amino acid scores.
Iron, zinc, and calcium contents were simultaneously determined by flame atomic absorption spectrophotometry (Perkin-Elmer Analysis 100, USA) after wet digestion of the sample with HNO 3 and HClO 4 [19] . In vitro extractability of iron, zinc, and calcium was evaluated by pepsin-pancreatin digestion as described by Miller et al. [20] . It is well known that in vitro methods of analysis have some limitations in comparison with in vivo methods, which are considered to be more accurate. In vitro methods were used in order to develop improved complementary porridges by using WHO estimated needs as reference. Several combinations of foods and various processing methods could be studied at once in a short period of time without being influenced by the nutritional or medical status of infants and compliance of mothers. We could also obtain information on the effect of processing on various nutrients. This methodology is useful to determine which complementary porridges and processing methods have a good potential to be tested in a real situation.
Statistical analyses
Unless otherwise stated, all experiments were conducted in triplicate and means and standard deviations were reported. Triplicate experiments were used to detect exprimental errors. Analysis of variance (ANOVA) was performed with p < .05. The least-squares means test in a factorial design was used to look at the effect of blend formulation, processing, and their interactive effect on the nutritional characteristics of the complementary porridges made with blends of fermented maize with processed peanuts and fermented maize with processed beans. The statistical analyses were performed by SAS version 6.12 (SAS Institute Inc.).
Results and discussion
Nutritional properties of complementary porridges Energy density
Energy density was significantly higher in all of the complementary porridges than in the control FMP (p < .05) due to blend formulation (table 1). Energy density in maize-peanuts complementary porridges was higher than energy density in maize-beans complementary porridges (p < .05). Maize-peanuts complementary porridges provided about 15% more kilocalories than maize-beans complementary porridges because of their higher percentage of fat (table 2). The minimum desirable energy densities recommended by WHO [9] for well-nourished infants receiving four meals per day and high energy from breastmilk are 24 kcal/100 g porridge for those aged 6 to 8 months and 38 kcal/100 g porridge for those aged 9 to 11 months (table 1). The energy density of the experimental complementary porridges ranged from 45 to 61 kcal/100 g porridge and was more than the 24 kcal and 38 kcal/100 g porridge recommended by WHO. However, it may be unrealistic to expect a well-nourished child to receive high energy from breastmilk daily. We then assumed that the energy density of the complementary foods should be compared with the WHO [9] estimated needs from complementary foods for well-nourished infants receiving average instead of high energy from breastmilk and four meals per day. The maize-peanuts complementary porridges met the WHO estimated needs for energy from complementary foods for the targeted age group of 9 to 11 months, whereas the maize-beans complementary porridges did not (table 1). The energy density of the control porridge (FMP) was the lowest (37 kcal/100 g porridge) and did not meet the WHO estimated need from complementary foods for wellnourished children aged 6 to 11 months receiving an average amount of energy from breastmilk.
The method of processing had a significant effect on energy density in the maize-peanuts and the maize-beans complementary porridges (table 1). The combination of germination and roasting yielded complementary porridges with the highest energy density in both legumes. The higher energy value of porridges made from maize with germinated and roasted legumes could be attributed to the apparent increase in protein and fat, probably due to dehulling and to the utilization of carbohydrate as a source of energy. This 2. The reference values are from WHO/UNICEF [9] , and the energy values were estimated for well-nourished children 6 to 8 months and 9 to 11 months of age, with estimated gastric capacity of 285 and 345 g, respectively, at four servings a day and at the WHO low (L), average (A), and high (H) amounts of breastmilk energy. Energy needs from complementary foods were set at total energy requirement + 2 SD (i. e., + 25%).
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Improvement of the nutritional quality of porridge could have changed the nutrient distribution within the seeds [11] . The increase in energy was also associated in part with an increase in the dry matter content as a result of hydrolysis of starch by amylase.
pH levels
A significant increase in pH was observed in complementary porridges due to blend formulation (table 1). The control porridge (FMP) had a lower pH (3.16) than the cereal-legume complementary porridges, with pH values of 4.72 to 4.88. The low pH observed in FMP was due to lactic acid fermentation of yellow maize with the production of lactic acid. Nago et al. [21] observed a pH of 3.7 after a 1-week fermentation of maize. Processing did not significantly affect pH in maize-peanuts complementary porridges or in maize-beans complementary porridges. However, the pH in complementary foods was slightly higher than the safe hygienic pH of 4.0 to 4.5 [9] .
Viscosity
Processing methods, blend formulation, and their interactive effects yielded significantly different (p < .05) viscosity levels (table 1) . Except for FMRP, maize-peanuts complementary porridges (FMGEP and FMGRP) had lower viscosity than maize-beans complementary porridges (FMRB, FMGEB, and FMGRB). Griffith et al. [7] reported a viscosity of 1,515 cp in peanut-based weaning blends compared with 2,717 cp in cowpea-based blends formulated as a 60% cereal to 40% legume combination. Assuming that the solid content could have affected complementary porridge viscosity, a higher viscosity should have been expected from maize-peanuts complementary porridges because of their higher dry matter content estimated from moisture values (table 2). However, this was not the case; higher viscosity was observed in maize-beans complementary porridges than in maize-peanuts complementary porridges, except for FMGRB. The lower viscosity of maize-peanuts complementary porridges compared with maize-beans complementary porridges could be explained by the fat content of peanuts. A lowering effect of fat on complementary porridge viscosity was reported by Griffith et al. [7] and Ward and Ainsworth [22] .
Processing methods had the most obvious effect on viscosity. In maize-peanuts complementary porridges, the combination of germination and roasting (FMGRP) produced a significantly (p < .05) lower viscosity than either germination (FMGEP) or roasting (FMRP). Roasting produced a complementary porridge with the highest viscosity in maize-peanuts complementary porridges, whereas the differences in viscosity between FMGEB and FMRB and between FMGEB and FMGRB were not significant (2,913 vs. 2,960 and 2,913 vs. 2,833, respectively). The difference in viscosity observed among the treatment groups could be explained by the increase in α-amylase content of germinated legumes. Germination of legumes increases the amount of α-amylase, which hydrolyzes starch into dextrin and maltose and thus reduces viscosity [9] . The viscosity of both maize-peanuts and maizebeans complementary porridges, however, was higher than that of the control porridge FMP (table 1), showing also the significant (p < .05) effect of blend formulation on the viscosity of complementary porridge compared with the control porridge. This could be attributed to the difference between the moisture content of the complementary porridges (87.6% to 89.9%) and that of the control porridge (91.8%) (table 2). However, the viscosity of the control porridge could have been above the recommended values of Mosha and Svanberg [14] if more than 9.5% maize flour had been used.
Chemical composition of the complementary porridges
Carbohydrate and fiber Table 2 shows the mean chemical composition of the complementary porridges. The content of carbohydrate and fiber, which were the principal nutrients in all the complementary porridges, significantly increased with blend formulation from 11.52% to 15.2% compared with FMP, but no significant change (p > .05) was observed among maize-peanuts complementary porridges or among maize-beans complementary porridges. Processing did not affect the carbohydrate and fiber content of maize-peanuts complementary porridges (FMGEP, FMRP, and FMGRP) or maizebeans complementary porridges (FMGEB, FMRB, and FMGRB). On a dry matter basis (table 3) , the carbohydrate and fiber content of complementary porridges was comparable to the values reported by Egounlety [8] in legume-fortified complementary food made with fermented maize. However, the fiber values in the present study were calculated by difference and were not obtained by chemical analysis.
Fat content
The fat content in maize-peanuts complementary porridges significantly increased (p < .05) compared with the control porridge (FMP), but a decrease was observed in maize-beans complementary porridges (table 3) . Maize-peanuts complementary porridges were significantly higher in fat than maize-beans complementary porridges. As an oil seed, peanuts provided more fat to complementary porridges than beans. A similar trend was observed by Griffith et al. [7] , who compared peanut-based blends with cowpeabased blends. The use of peanuts in blend formulation not only increased the fat but also provided a more concentrated energy source rich in the essential fatty acid linoleic acid [7] .
Processing had a significant (p < .05) influence on fat content in maize-peanuts and maize-beans complementary porridges. Fat content was slightly higher (p < .05) in FMRP than in FMGEP and FMGRP (1.64% compared with 1.57% and 1.51%, respectively) and significantly higher (p < .05) in FMGRB than in FMRB and FMGEB (0.23% compared with 0.11% and 0.1%, respectively). On a dry matter basis (table 3) , fat provided an average of 22.7% of the total kilocalories of peanut-based complementary porridges, compared with 2.7% for bean-based complementary porridges. Dewey and Brown [23] suggested that fat should provide 30% to 45% of total dietary energy in children 6 to 23 months of age. However, in developing countries, because of low fat intakes from mixed diets and the difficulty of achieving adequate micronutrient densities with high-fat diets, it is recommended that complementary foods provide 25% of total energy from fat, regardless of maternal milk fat content [9] and 3% of total energy from the essential fatty acids, linoleic acid (C18:2ω6) and linolenic acid (C18:3ω3) [1, 7] . None of the complementary porridges met the WHO estimated needs for fat intake from complementary foods. However, there is little scientific information to support the need for fat to provide 30% to 45% of total dietary energy , as long as the needs for essential fatty acids are met and the energy density of the diet exceeds minimal criteria [7] . Griffith et al. [7] reported a mean energy distribution of fat in complementary blends made with 60% millet-40% peanut or 60% millet-40% cowpea. Fat provided an average of 37% of the total kilocalories in peanut-based blends, compared with 2.8% in cowpeabased blends. In the present study, the blends contained 70% cereal and 30% legume. This composition may explain the low fat content of the blends compared with those of Griffith et al. [7] . The low fat content of the complementary porridge blends could place a child at risk for essential fatty acid deficiency. Protein-energy ratios on a dry matter basis (table 3) provide an indication of the protein sufficiency of complementary porridges and illustrate an appropriate balance of protein to energy. This ratio represents the energy contribution of protein in relation to the total energy value of the complementary porridges (% protein kcal) [7] . Protein-energy ratios of 10% to 11% are recommended for complementary foods, especially those of entirely vegetal origin [24] . Table 3 shows that except for FMP, the protein-energy ratios were above the recommended levels for all the complementary porridges. The values ranged from 11.6% to 12.1%. Maize-beans complementary porridges had slightly higher protein-energy ratios than maize-peanuts complementary porridges, due to the difference in energy density on a dry matter basis. Proteins should also be viewed in light of their quality, illustrated by protein digestibility, chemical score, and amino acid release, to ensure that the proteins will be used efficiently.
Iron, zinc, and calcium content and in vitro availability
Despite significant increases observed in some complementary porridges due to blend formulation and processing, iron and calcium did not meet WHO estimated needs from complementary foods, whereas zinc met the estimated needs of infants and younger children receiving four meals a day and an average amount of energy from breastmilk (table 4) .
Even though it is important to have sufficient amounts of minerals in complementary foods, it is more important to have them in a form in which they are easily digestible and available to the body. In vitro availability of minerals under "simulated" gastrointestinal conditions is an indicator of bioavailability [6] . In the present study, we have assumed that low iron availability should be considered as the reference, since all ingredients in the blends are plant foods. WHO references for foods of low iron availability are therefore 2.1 and 1.9 mg/100 g food for infants aged 6 to 8 months and 9 to 11 months, respectively, with four meals of complementary foods per day. Iron contents in complementary foods were less than the WHO estimated needs from complementary foods (table 4). In vitro iron availability increased by 60% in FMGEP compared with FMP (table 4). On the other hand, processing did not have a significant effect on in vitro iron availability, probably due to the low content of that element in complementary porridges. In vitro availability of zinc significantly increased in complementary porridges compared with the control porridge FMP. The difference was not observed in the maize-peanuts complementary porridges (FMGEP, FMRP, and FMGRP), whereas in the maize-beans complementary porridges, FMGEB and FMRB showed higher zinc in vitro availabilities, 43.62% and 37.04%, respectively, than FMGRB (18.2%). The difference between FMGEB and FMRB was not significant. The increases observed were mainly attributed to a decrease in phytic acid (phytate), which was also observed after processing of maize, peanuts and beans [11, 13] . Phytate may bind strongly to minerals and trace elements in the foods, rendering them unavailable for absorption [9] . Phytate content may be decreased by the action of the enzyme phytase, which is activated during soaking, germination, and lactic acid fermentation [11, 13] .
Unlike calcium content, in vitro calcium availability decreased with blend formulation, showing that more phytate remained after processing of peanuts and beans than after processing of maize. This may explain the higher phytate inhibitory effect in complementary porridges than in FMP.
Protein quality
The quality of a protein must be viewed in the context of how well the protein can meet essential amino acid and amino nitrogen requirements (amino acid pattern). The nutritive value of a food protein is then a function of its protein content, essential amino acid composition, protein digestibility, and amino acid release. 
In vitro protein digestibility
The overall in vitro protein digestibility of complementary porridges after 6 hours of digestion ranged from 36.6% to 58.1% due to blend formulation and processing ( fig. 1) . Compared with FMP with an in vitro protein digestibility of 51.2%, in vitro protein digestibility increased in maize-peanuts complementary porridges (58.1% in FMGEP, 56.3% in FMRP, and 54% in FMGRP), whereas a decrease was observed in maize-beans complementary porridges (50.8% in FMGEB, 36.6% in FMRB, and 51% in FM-GRB). These values were comparable to those of Griffith et al. [7] , which were obtained by a similar method, but after 4 hours of digestion rather than 6 hours as in the present study. In Griffith et al. [7] , in vitro protein digestibility ranged from 47% to 54% according to blend formulation (pearl millet-peanut or pearl millet-cowpea with or without teff) and from 48% to 55% according to processing method (roasting, germination, or fermentation). Protein digestibility varied significantly (p < .05) in complementary porridges, due to both blend formulation and processing methods. Maizepeanuts complementary porridges were 18% higher in protein digestibility than maize-beans complementary porridges, probably due to the higher fat content of peanuts (table 2) than of beans [11] . A comparison of true digestibility indicated that protein digestibility of peanut flour was better than that of soy flour and was comparable to animal protein digestibility [25] . In peanut-based complementary porridges, germination, roasting, and the combination of germination and roasting improved in vitro protein digestibility by 5.5%, 10% and 13.6%, respectively, over the control FMP ( fig. 1) . Griffith et al. [7] reported an improvement of 12% to 14% in digestibility in pearl millet-peanuts blends and pearl millet-cowpea blends due to germination and fermentation. In another study, in vitro protein digestibility of wheat flour was 30% and it increased to 40% when the flour was supplemented with peanut meal, indicating a considerable improvement in protein digestibility [26] . Alonso et al. [27] reported an increase in bean (Phaseolus vulgaris) in vitro protein digestibility after dehulling, soaking, and germination compared with the unprocessed seeds. The reduction of antinutritional factors such as phytate and trypsin inhibitors during processing may have contributed to the improved digestibility in maize-peanuts complementary porridges [11, 13] compared with FMP. The decrease in in vitro protein digestibility observed in maize-beans complementary TABLE 4 . Effect of blend and processing methods on some mineral content and availability 1 Micronutrients 1 Improvement of the nutritional quality of porridge porridges compared with FMP was probably due to the higher content of antinutritional factors in processed beans than in the processed maize reported in previous studies [11, 13] . In vitro protein digestibility in maizepeanuts and maize-beans complementary porridges showed a significant negative correlation with viscosity (r = -0.54 and -0.79, respectively) (results not shown). This suggests that a higher in vitro protein digestibility can be expected from complementary porridges with lower viscosity. The method used to measure protein digestibility in the present study provided relative values expressed as percent digestibility. The method allowed the effect of addition of food on protein digestibility to be considered, with FMP as the control.
Essential amino acid release and amino acid score of complementary porridges
Essential amino acid release from the complementary porridges is presented in figure 2. There were a variety of significant changes in in vitro individual amino acid release in complementary porridges compared with the control porridge. Except for FMGRP and FMGRB, in which the release of methionine was > 60%, the release of methionine was less than 30% in all complementary porridges and varied with blend formulation and processing. In vitro release of the aromatic amino acids tyrosine and phenylalanine was above 70% and 50% respectively and did not significantly increase (p > .05) with blend formulation and processing, except for phenylalanine in maize-beans complementary porridges, where the release was significantly higher in FMGRB than in FMRB (80% vs. 71%). In vitro release of lysine, the limiting amino acid in cereals, increased with blend formulation and was above 50% except in FMRB, where the change was not significantly different (p > .05) from that of the control porridge FMP. Infants require histidine, but it is not required by older FIG. 1. Effect of blends and traditional processing methods on pancreatic hydrolysis of complementary porridges made with blends of 70% maize and 30% legume as measured in dialyzed nitrogen (means of four repetitions) FMP, porridge with fermented yellow maize flour (control porridge containing only maize); FMGEP, porridge with 70% fermented yellow maize flour and 30% germinated peanuts; FMRP, porridge with 70% fermented yellow maize flour and 30% roasted peanuts; FMGRP, porridge with 70% fermented yellow maize flour and 30% germinated and roasted peanuts; FMGEB, porridge with 70% fermented yellow maize flour and 30% germinated beans; FMRB, porridge with 70% fermented yellow maize flour and 30% roasted beans; FMGRB, porridge with 70% fermented yellow maize flour and 30% germinated and roasted beans FIG. 2. Percent release of essential amino acids of complementary porridges made with blends of 70% maize and 30% legumes (means of four repetitions). Means within the same essential amino acid with the same letter are not significantly different (p > 0.05) according to Duncan's multiple range test FMP, porridge with fermented yellow maize flour (control porridge containing only maize); FMGEP, porridge with 70% fermented yellow maize flour and 30% germinated peanuts; FMRP, porridge with 70% fermented yellow maize flour and 30% roasted peanuts; FMGRP, porridge with 70% fermented yellow maize flour and 30% germinated and roasted peanuts; FMGEB, porridge with 70% fermented yellow maize flour and 30% germinated beans; FMRB, porridge with 70% fermented yellow maize flour and 30% roasted beans; FMGRB, porridge with 70% fermented yellow maize flour and 30% germinated and roasted beans. Thr, threonine; Val, valine; Met, methionine; Ile, isoleucine; Leu, leucine; Tyr, tyrosine; Phe, phenylalanine; His, histidine; Lys, lysine individuals. The release of histidine did not change significantly due to blend formulation compared with that in FMP, whereas the increase was significant in FMGEP compared with that in FMP. In the overall in vitro amino acid release, the effect of processing was more obvious than the effect of blend formulation in threonine, valine, methionine, and isoleucine release, in which germination and roasting produced higher (p < .05) in vitro amino acid release than the combination of germination and roasting (fig. 2) . The same trend was observed for protein in vitro digestibility in complementary porridges made from processed peanuts. The effect of blend formulation was observed in leucine and lysine release (p < .05). Complementary porridges made from processed peanuts showed the greatest leucine and lysine release (p < .05) compared with the porridges made from processed beans.
The Food and Agriculture Organization (FAO) essential amino acid profile [18] was used as a basis for calculating amino acid scores. Despite the significant increase (p < .05) observed with blend formulation (0.43, 0.47, 0.50, 0.57, 0.40, and 0.71 for FMGEP, FMRP, FMGRP, FMGEB, FMRB, and FMGRB, respectively), compared with FMP (0.35), the protein chemical score remained below the recommended value of 1.0, indicating that all essential amino acid requirements were not met satisfactorily (table 5). Lysine generally had the lowest score in maize-peanuts complementary porridges, indicating that it was the first limiting amino acid, whereas valine had the lowest score in FMGEB and FMPRB. Histidine, an essential amino acid for infants, as well as leucine and phenylalanine + tyrosine, had a satisfactory score greater than 1 in all complementary porridges.
Conclusion
An infant complementary food of higher energy and nutrient density, formulated and prepared from a combination of 70% yellow maize and 30% peanuts or 30% beans, had the strongest impact on nutritional quality and should be viewed as an option in the development of infant complementary foods. Blend formulation had the most important effects on energy density, percent fat, and percent protein. The complementation of fermented yellow maize flour with processed peanuts increased the energy density and improved in vitro protein digestibility over complementary porridges with processed beans.
The optimal WHO [9] estimated energy needs from complementary foods for children 6 to 11 months of age, receiving four servings per day and an average amount of energy from breastmilk, was met by maize-peanuts complementary porridges, whereas maize-beans complementary porridges could only 1. Essential amino acid scores were calculated by dividing the amino acid amounts by the values in the reference protein (FAO/WHO [18] ), contents are expressed as grams per 100 g of protein.
Improvement of the nutritional quality of porridge meet energy recommendations for children aged 9 to 11 months (table 1) Mineral content, except for zinc in maize-peanuts complementary porridges, did not meet WHO [10] estimated needs from complementary foods. The complementary porridges were limited in lysine for maize-peanuts complementary porridges and valine for maize-beans complementary porridges, but the histidine score was satisfactory. There was an obvious effect of germination, roasting, and fermentation on viscosity, mineral availability, protein digestibility, and amino acid digestibility, probably due to the reduction of antinutritional factors [11, 13] .
On the basis of a comprehensive chemical analysis, this study has demonstrated that some important nutritional benefits could be obtained by combining fermented maize with processed beans or peanuts. The decrease in pH and antinutritional factors of maize after fermentation, coupled with the beneficial effects of processing on peanuts or beans, could contribute to the suitability of these complementary foods. There were some similarities in the effect of blend formulation on complementary porridges, but the overall nutritional value was better in maize-peanuts complementary porridges, making beans apparently less advantageous than peanuts in the formulation of complementary cereal-legume blends.
These findings showed that blend formulation improved the nutritional quality of porridges compared with that of the control FMP made with maize only, but we recommend that the 70:30 ratio of cereals to legumes should be adjusted according to the nutrient and micronutrient contents of each food source used in the formulation of blends and according to the WHO estimated needs from complementary foods. On the other hand, it will be difficult to meet the WHO estimated needs for iron and calcium in complementary foods with blends of cereals and legumes alone. The use of commonly consumed local food supplements of vegetal or animal origin, instead of cereal-legume blends, coupled with public education programs, could help families and communities make better use of their products and at the same time improve nutrient density and meet micronutrient needs.
